The aim of the current study was to investigate the influence of different dietary levels of Coenzyme Q10 (CoQ10) supplementation in local Sinai cock's diet containing low metabolizable energy on the viability, hematology traits, reproductive and economic performance during the period from 40-56 weeks of age. Fifty four of Sinai cocks were weighed and divided into six treatment groups of three replicates in each and housed in individually cages The experimental diets containing two levels of energy (2940 and 2800 Kcal/Kg diet) and three levels of Coenzyme Q10 (CoQ10) ( 0, 7.5 mg CoQ10 synthetic (s) or natural (n) in 2x3 factorial arrangement.
However, the interaction between low level of ME and 7.5 mg CoQ10s caused to improve significantly (P≤0.05) RBC, HEB, H, and H/L as compared to the other dietary interaction treatments. However, all dietary interactions treatment groups were recorded significantly (P≤0.05) the lowest value of serum cholesterol when compared to the diet contained high ME without CoQ10. The ratio of HDL/LDL was significantly (P≤0.05) increased by feeding on diet contained high ME supplemented with CoQ10n and the diet contained low ME without CoQ10 as compared to the other interaction treatments. The results illustrated that the beneficial influence of CoQ10 supplementation in diet contained low level of ME to improve the histological studies of Sinai cocks testes.
INTRODUCTION
The Nutrition is one of the most important environmental factors affecting reproductive performance in any system of poultry production. It should be mentioned that the effective level of energy is different between various breeds (Lippense et al., 2002) . Hussein et al. (2010) reported that the optimal dietary protein and metabolizable energy levels for Sinai laying hens are 15% CP and 2750 kcal ME/kg diet to achieve acceptable productive and reproductive performance during the period from 25 to 49 weeks of age, but there is no information on nutritional requirements of local Sinai cocks. It is well established that hens generally adjust their feed intake according to their energy requirements.
Chick's production highly depends on flock fertility. As it has been reported, semen quality can impact egg fertility and subsequently egg hatchability (Brillard, 2003) . According to Sarah (2001) , fertility in a breeder flock can be improved by using males with high sperm quality. Upendra et al. (2000) reported that semen quality is positively correlated with percentage of fertile eggs and hatchability. The semen quality in poultry gives an excellent indicator of their reproductive potential (Peters et al., 2004) . Sperm viability, concentration and motility are the major components of routine quality assessment (Nering et al., 2009 ). These components are under the control of many factors including feeding.
Dietary energy level has been reported by many authors to affect performance trait such as body weight, delayed sexual maturity, semen production and quality in the male bird (Romero-Sanchez et al., 2008 and Brière et al., 2011) . Kirby et al. (1996) reported that increase in calorie intake may lead to an increase in testes weight with no apparent increase in spermatogenic efficiency. Adequate nutrition is therefore essential to maintain the breeding flock in good reproductive condition (Brière et al., 2011) .
Coenzyme Q10 is lipid-soluble compound present in endomembrane of cells as well as in mitochondria, it takes part in the mitochondrial respiratory chain, accepts and transports electrons to oxygen, and at the same time the proton gradient promotes ATP synthesis (Ernster and Dallner, 1995) . Coenzyme Q10 has a fundamental role in cellular bioenergetics as a cofactor in the mitochondrial electron transport chain (respiratory chain) and is therefore essential for the production of ATP (Hemmin and Rajak 2006) . The redox functions of CoQ 10 extend beyond its role in the mitochondria. Furthermore, CoQ 10 in its reduced form as the hydroquinone (called ubiquinol) is a potent lipophilic antioxidant and is capable of recycling and regenerating other antioxidants such as tocopherol and ascorbate (Hemmin et al. 2006) . Its antioxidant properties contribute to prevention of lipid per-oxidation. It has been found to be efficient in preventing LDL oxidation which is an important step in evolution of atherosclerosis (Yokoyama et al., 1996) .
Therefore, the aim of the present study was to evaluate the effect of dietary energy level and CoQ10 supplementation on body weight, testicular weight, semen characteristic, fertility and subsequent hatchability of local Sinai cocks.
MATERIALS AND METHODS

Bird's management and diets:
The current study was conducted at El-Serw Poultry Research Station, Animal Poultry Research Institute, Agriculture Research Center, Ministry of Agriculture, Egypt. Fifty four of Sinai cocks 40 weeks of age were randomly assigned to six dietary treatments in an experiment that was conducted from 40 to 56 weeks of age. At the onset of the experiment, cocks were weighed and assigned to 2x3 completely randomized design based on two levels of energy (2940 and 2800 Kcal/Kg diet) and synthetic source of Coenzyme Q10 (CoQ10) or natural (n) at levels of (0, 7.5 CoQ10 (s) and 7.5 CoQ10 (n) (three replicates per each and three cocks per each replicate). The three replicates were fed one of the six dietary treatments. Each replicate comprised three adjacent cages with one cock /cage (60 cm long x 50cm wide x 60cm high). Birds were provided with programmed lighting (16L: 8D). The experimental diets were as the following: 1-The basal diet containing 2940 Kcal /Kg diet and 15% CP according to NRC (1994) as shown in Table 1 . 2-The basal supplemented with 7.5mg COQ10 synthetic(7.5mg CoQ10 (s) ). 3-The basal die supplemented with 7.5 mg CoQ10 from 3.0% soybean oil (7.5 mg CoQ10 (n) ). 4-The diet containing low level of ME (2800 Kcal/ Kg diet) and 15 % CP. 5-The diet containing low ME supplemented with 7.5 mg CoQ10 synthetic (7.5 mg CoQ10 (s) ), 6-The diet containing low level ME supplemented with 7.5 mg CoQ10 from 3% soybean oil (7.5 mg CoQ10 (n) ),
Productive and Reproductive traits:
1. Body weight (BW) was recorded at the beginning and at the end of the experiment. Also, feed intake was recorded daily. 2. Semen quality traits were measured where; three cocks were used from each treatment group by a positive reaction to dorso-abdominal massage for artificial collection of semen, Semen was collected during the experimental period, and then ejaculate volume, sperms motility and concentration were determined for each cock. 3. In addition, natural insemination was used in this study, where at 54 weeks of age each one male was transported to 10 hens, which were fed the same basal layer diet (16% CP and 2750 ME) then eggs from each treatment were collected for 5 days. The eggs were set in incubator. Fertility and hatchability percentages were calculated and hatched chicks were weighed.
Carcass traits:
At the end of the experimental period, two cocks per each treatment were taken, weighed, slaughtered then the relative weight of carcass, heart, liver, edible parts, gizzard and testis were determined, where these variables were expressed as relative to their live body weight.
Serum biochemical and hematological parameters:
Blood samples were collected randomly in vial tubes containing EDTA as anticoagulant. Differential white blood cells (WBC) counts were performed by using standard avian guidelines introduced by Ritchie et al. (1994) . Total white blood cells were determined by the Unopett method (Campbell, 1995) . Heterophils (H) and lymphocytes (L) were counted in different microscopic fields in a total of 200 WBC by the same person, and the H: L ratios were calculated (Gross and Siegel, 1986 ). In addition, anther blood samples (without EDTA) were centrifuged at 4000 rpm for 15 minutes, to separate the serum for biochemical analysis, which include cholesterol high density lipoprotein and low density lipoprotein by using commercial kits.
Histological examination:
At the end of the experimental period, two cocks per each treatment were taken, weighed, slaughtered then regarding histological examination of testis, testis were immediately fixed in 10% formalin saline. After fixation, samples were dehydrated in alcohol, cleared in xylene and embedded in paraffin wax. Paraffin sections (5-7 μ thick) were prepared and stained with hematoxline and eosin. Eventually, the sections were examined microscopically (Riddell, 1987) .
Economic efficiency:
At the end of the study, economical efficiency for hatched chicks from Sinai hens were met by cocks fed diets containing different levels of Metabolizable energy and Coenzyme Q10 was expressed calculated using the following equation:
Economic efficiency (%) = (Net return LE/Total feed cost LE) × 100.
Statistical analysis:
Data were statistically analyzed using General Linear Models Procedure of the SPSS program (2008). A factorial design 2 x3 was used, considering the ME and CoQ10 levels as the main effects and the following model according to Snedecor and Cochran (1982) was used to study the effect of main factors and interaction between ME and CoQ10 on parameters investigated as follows:
Yijk=µ+Ti +Rj +(TR) ij +eijk Where: Yijk=An observation; µ = Overall mean; Ti= Effect of ME level( i=1 and 2 ); Rj= effect of CoQ10 level; j=(1,2 and 3); TRij= Effect of interaction between ME and CoQ10 (ij= 1,2…..6 ); and ejik= Experimental error Differences between treatments were subjected to Duncan´ s Multiple Range-test (Duncan, 1955) .
RESULTS AND DISCUSSION:
Productive traits:
Results concerned final live body weight (BW), daily feed intake and viability % are found in Table 2 . The results illustrated that decreasing dietary metabolizable energy (ME) from 2940 to 2800 Kcal/kg diet caused to a significant (P≤0.05) decrease in final live BW at the end of study at 56 week of age by about 3.44%. While, insignificant changes were observed due to supplementation of 7.5 mg synthetic or natural Coenzyme Q10 (CoQ10) / kg cocks' diet. On the other hand, the interaction between ME and CoQ10 had significantly (P≤0.05) effect on final BW. Final BW of cocks fed diet contaminating low ME (2800 Kcal) +7.5 mg synthetic CoQ10 (CoQ10s) / kg diet had significantly (P≤0.05) the lowest weight when compared with those fed diets containing the low ME without CoQ10 and the those fed a diet with the high ME + 7.5 mg CoQ10s.
No significant influence due to different dietary levels of ME, CoQ10 and their interaction between them on feed intake. In respect of viability%, cocks receiving diet containing 2800 Kcal/kg diet recorded significantly (P≤0.05) the highest value of viability% by about 19% when compared to those fed diet containing higher level of energy. Statistically non-significant alternations were recorded in viability% due to the feeding on diets supplemented with CoQ10 and interaction between ME and CoQ10. However, the most remarkable is that the highest viability % value (100%) was observed with the diet contained moderated ME and supplemented with 7.5 mg synthetic CoQ10/kg diet.
Regarding final live BW, the results in the current study were consist with Balnave and Robinson (2000) who observed that body weight gain increased with increasing dietary ME level (2500, 2700 and 2900 kcal ME/kg) in the diet for Brown layer. In addition, the present results were in agreement with those of Geng et al., (2004) who mentioned that BW was not significantly (P≥0.05) influenced by CoQ10 supplementation in diets' broiler.
In respect of total feed intake, the current results are in line with Grobas et al. (1999) who indicated that the increase of 33 kcal/kg of dietary energy decreased feed intake by 1%. In addition, this is in agreement with Harms et al. (2000) who showed that birds fed the diets containing 2519 kcal/kg had 8.5% more feed intake than those fed the diets containing 2798 kcal/kg.
The likely reasons for this improvement in viability% results due to decrease ME by about 140 Kcal/ kg diet and the dietary supplementation of 7.5 mg synthetic CoQ10/kg diet contained moderate ME are speculative. Initially, Sinai cocks at 40 weeks of age already reached the average body weight of this strain (1950 g /cock); consequently any increase above body weight indicates that cocks tend to deposit abdominal fat which considered a disadvantage with cocks. Thus, from these results the decreasing ME content in diets for Sinai cocks during the period from 40-56 weeks of age could be successful management to improve the viability %. Moreover, the study conducted by Kikusato et al., (2015) illustrated that dietary supplementation with CoQ10 attenuates the muscular oxidative damage, suggesting that this may be due to the suppression of mitochondrial reactive oxygen species (ROS) production. Also, CoQ10 is also known as a very effective antioxidant (Bentinger et al., 2007) , protecting against lipid peroxidation, DNA, and protein oxidation and capable of functioning synergistically with other antioxidants (Challem, 2005) .
Hatching traits:
The effects of ME, Co Q10 and their interaction on reproductive performance are shown in Table ( 3). Results obtained clearly observed that the values of fertility %, hatchability of set and fertile eggs % and chick weight of hatch were nearly similar and no significant effect was observed due to decrement ME by about 140 Kcal/ kg diet, adding 7.5 mg CoQ10s or CoQ10n (natural) and interaction among them except for hatchability of fertile eggs % where, it tend to be significantly (P≤0.05) higher in eggs produced from hens were fertilized by cocks fed diet supplemented with 7.5 mg CoQ10s than those fed diet supplemented with CoQ10n or free CoQ10. However, it is evident that the diet contained ME 2800 Kcal/ kg diet resulted in an insignificant (P≥0.05) increase in fertility % by about 2.33 % when compared to the diet contained high ME (2940 Kcal/ kg diet). In addition, fertility % increased insignificantly (P≥0.05) as a result of addition of CoQ10s to the diet which contain 2800 Kcal/kg diet. Also, there was an insignificant (P≥0.05) increase in hatchability of set eggs% with addition 7.5 mg CoQ10s / kg diet compared to the diet was high or low in ME.
The improvement in fertility % as a result of feeding on diets moderate in ME and supplemented with 7.5 mg CoQ10s /kg diet may be due to different mechanisms, initially, Coenzyme Q10 is known as a very effective antioxidant (Bentinger et al., 2007) , protecting against lipid peroxidation, DNA, and protein oxidation and capable of functioning synergistically with other antioxidants (Challem, 2005) .
According to Ravie and Lake, (1985) in birds the phospholipids of spermatozoa are characterized by extremely high proportions of long chain, highly n-6 polyunsaturated fatty acids. The high degree of polyunsaturation typical of sperm lipids renders these gametes highly susceptible to lipid peroxidation, with the consequent risk of damage to cellular structures (Niki et al., 1993) . In fact, peroxidative damage to spermatozoa is believed to be a major cause of male subfertility (Aitken, 1994) . Thus, enhancement of the antioxidant capacity of semen by supplementation of antioxidants such as CoQ10 could present a major opportunity for improving male fertility. In accordance with Surai et al., (1997) , who postulated that the beneficial consequences of an effective protection against lipid peroxidation of birds semen are likely as a result of two related mechanisms: (a) Defense against peroxidative damage is essential to maintain the structural integrity of the spermatozoa; (b) Minimization of lipid peroxidation will prevent any reduction in the concentrations of the functionally important n-6 polyunsaturated fatty acids of the semen phospholipids.
Some carcass traits:
The effect of dietary different levels of ME, CoQ10 and their interaction on carcass traits are shown in Table ( 4) . No significant (P≥0.05) alternations was detected as a result of decrease ME by 140 Kcal/kg diet, addition CoQ10s or CoQ10n and interaction between them on carcass, heart, liver, edible parts and testis %. However, gizzard% was significantly (P≤0.05) increased by the high level of ME and addition 7.5 mg CoQ10s /kg diet. Also, the interaction between high ME and CoQ10s had significantly (P≤0.05) the highest gizzard% compared to the diet without CoQ10.
The cocks fed diet supplemented with CoQ10 resulted in an improvement in gizzard%. According to Hetland et al, (2005) the gizzard regulate the particle size of food entering the small intestine for downstream digestion. Also, the gizzard governs many physiological aspects, including 1) particle size reduction; 2) motility regulation; 3) control of feed flow and gastro duodenal refluxes; 4) enhancement of digestive secretions, including HCl, bile acid, and endogenous enzymes; and 5) synchronization of digestion and absorption processes (Mateos et al., 2012) .
Hematology, Semen quality and serum biochemical:
The results in Table ( 5) showed insignificant (P≥0.05) effect due to cock's diets contained different levels of ME on blood hematology traits, but indeed, red blood cells (RBC) and hemoglobin (HGB) significantly (P≤0.05) increased due to decrease ME content in the diet. In respect of CoQ10, there was a significant (P≤0.05) improved in RBC, HGB, heterophil cells (H) and H/ lymphocytes (L) due to addition 7.5 mg CoQ10s or CoQ10n /kg diet. The same manner, interaction between moderate level of ME and 7.5 mg CoQ10s significantly (P≤0.05) improved RBC, HEB, H, and H/L as compared to the other dietary interaction treatments. Results obtained on semen quality as shown in Table ( 6) illustrated that no significant (P≥0.05) effect of decreasing ME from 2940 to 2800 Kcal/ kg diet on semen quality and serum biochemical except for progressive motility % (PM) and triglycerides in blood serum (mg/dl) where, both PM% and triglycerides significantly (P≤0.05) improved by decreasing ME content in the cock's diet.
No significant effect due to addition 7.5 mg CoQ10s or CoQ10n/ kg diet on semen quality. Regarding serum biochemical, there was a significant (P≤0.05) reduced in serum cholesterol in response to decrease ME and addition 7.5 mg CoQ10s or n / kg diet. Decreasing of ME, CoQ10s and all interactions led to significantly decrease (P≤0.05) in LDL cholesterol. In addition, HDL/ LDL were significantly (P≤0.05) increased due to interaction between high level of ME and7.5 mg CoQ10n/ kg and diet and due to moderate level of ME and CoQ10s as compared to the diet with high ME without addition CoQ10.
The results revealed that semen quality did not affect by the interaction between ME and CoQ10. On the other hand, all dietary interactions treatments recorded significantly (P≤0.05) the lowest value of serum cholesterol compared to the diet contained high ME without CoQ10. Also, blood serum of cocks fed diet contained low ME without addition CoQ10 showed significantly (P≤0.05) lower HDL and LDL % than those fed the diet with the same ME but supplemented with CoQ10s. In respect of the ratio HDL/LDL, it was significantly (P≤0.05) increased by feeding on diet contained high ME supplemented with CoQ10n and the diet contained low ME without CoQ10 as compared to the other interaction treatments.
The improvement in PM % by reduction level of ME may be due to a decrease in body weight (Table 2) which means the tendency to reduce abdominal fat deposition, which is considered advantage in those cocks. This is in agreement with (Cyrille et al., 2013) who reported that High dietary energy can reduce sperm production by decreasing the ability of spermatogonia to develop into spermatocyte. In addition, there was a beneficial effect on RBC, HEB, H, H/L, cholesterol, HDL and LDL as a result of addition CoQ10s to the moderate diet in ME; this improvement reflect the productive status of hens and may be attributed to coQ10 can be a very effective antioxidant (Bentinger et al., 2007) , protecting against lipid peroxidation, DNA, and protein oxidation and capable of functioning synergistically with other antioxidants (Challem, 2005) . Kikusato et al., (2015) illustrated that CoQ10 attenuates the muscular oxidative damage, suggesting that this may be due to the suppression of mitochondrial reactive oxygen species (ROS) production. Furthermore, Bhagavan and Chopra (2006) reported that CoQ10 acts as an electron carrier in the mitochondrial respiratory chain and as a lipid-soluble antioxidant.
Histological examination:
The results in Table (7) and microscopically plates (1 to 6) showed that both diet contained 2800 Kcal/kg diet and supplemented with 7.5 mg CoQ10s or CoQ10n resulted in a grade excellent in thickness of spermatogenic layer and density of seminiferous tubules (ST) as compared to the diet contained 2940 kcal/kg diet and without CoQ10 where these traits were grade pass. While the opposite was true in respect of lumen of ST. Regarding shape of ST, it was circular in cocks fed diet contained low energy and supplemented with CoQ10n while it was mall in those fed basal diet. Moreover, the size of ST was large due to feeding on low energy diet with CoQ10s or CoQ10n as compared to the basal diet. These results illustrated that the beneficial influence of CoQ10 supplementation in diet contained low level of ME to improve the histological studies of Sinai cocks testes.
Economic efficiency (EEF):
Results concerning the EEF of hatchability of set eggs (%) as an influenced by dietary different levels of ME, CoQ10 and their interaction are presented in Table ( 8) . No significant effect due to decreasing in ME, supplementation levels CoQ10 and their interaction on EEF, however, it can be noticed that EEF was insignificantly (P≥0.05) improved as a result of interaction between the diets group contained high or moderate ME and 7.5 mg CoQ10s /kg diet (109.95%) as compared to the other treatments.
Conclusively, these results referred that a beneficial affects due to addition 7.5 mg CoQ10s /Kg diet contained 2800 Kcal ME/ kg diet (moderate level) and it could be used a functional feed additive in diets of Sinai cocks to maximize the reproductive and economical performance during the period from 40 to 56 weeks of age. 
